ABSTR AC T
Multiple myeloma is characterized by the accumulation of malignant plasma cells in the bone marrow. Multiple myeloma is the second most frequently diagnosed hematological malignancy, predominantly affecting the elderly. Despite recent advances in the development of novel therapies, multiple myeloma remains an incurable malignancy where the majority of patients relapse, develop resistance, and eventually die from the disease. This has been attributed to the fact that conventional therapy currently in use targets mainly the bulk of tumor cells, but not the tumor-initiating cancer stem cells. Cancer stem cells are a highly resistant subpopulation of cells believed to be responsible for the initiation, progression, metastasis, and relapse of cancer. Enormous efforts have been invested in the characterization of cancer stem cells. These efforts led to the characterization of key cellular signaling pathways responsible for conferring stem cell characteristics including self-renewal, differentiation, migratory, survival, and intracellular detoxification capabilities. Targeting these protective mechanisms offers a valuable strategy that may help combat a major driving force behind cancers. The use of natural products offers a promising therapeutic approach for targeting cancer stem cells. In this review, recent advances achieved in the characterization of cancer stem cells derived from hematological malignancies, with a particular focus on multiple myeloma, are discussed and major natural products that target cancer stem cells are presented. As natural products remain an essential source of novel chemical structures and medicinal leads, the exploitation of this immense reservoir is used to draw lessons in targeting multiple myelomacancer stem cells.
Multiple Myeloma Cancer Stem Cells -A Brief Introduction
The existence of MM-CSCs has been suspected for few decades. A large proportion of MM-derived malignant PCs display a terminally differentiated and quiescent phenotype [6] . This suggests that the remaining distinct minor subpopulation, which is not well differentiated and non-quiescent, may confer tumorigenic characteristics and may be responsible for the fatal relapses observed in MM patients [7, 8] .
The earliest known evidence suggesting that MM cells may be functionally heterogeneous was provided by Bergsagel and Valeriote (1968) [9] . In their study, Bergsagel and Valeriote transplanted increasing concentrations of mouse PCs into healthy mouse recipients and found that the number of colonies per recipient spleen increased in a linear manner [9] . Moreover, splenic tumor colonies could be serially engrafted into secondary recipients, thus demonstrating clonogenic and self-renewing properties of the inoculated PCs [9] . Subsequently, an in vitro system using soft agar was developed to grow human suspected tumor CSCs colonies [10] . It was found that MM patientsʼ BM aspirates were capable of colony formation in a manner that was proportional to the number of cells plated. Morphological and functional properties showed that the colonies consisted of immature plasmablasts as well as mature PCs, indicating a differentiation potential of the transplanted cells [10] .
In the 1990s, a population of CD19 + B cells termed "clonotypic B cells" was identified in the peripheral blood of MM patients [11] .
Clonotypic B cells were capable of functionally differentiating into antibody-secreting PCs in vitro [12] . Clonotypic B cells also showed tumorigenic potential, as demonstrated by engrafting into nonobese diabetic SCID mice, and caused osteolytic lesions [13] . Interestingly, P-gp was highly expressed in the great majority of clonotypic B cells and BM cells from patients previously treated with chemotherapy, but was absent or low in BM cells of untreated myeloma patients [12] . These results had profound clinical implications as clonotypic B cells demonstrated a drug-resistant phenotype and prevailed even after exposure to cytotoxic therapy.
Matsui and colleagues [14] discovered in 2004 that the expression of the cell surface antigen syndecan-1 (CD138), a characteristic of terminally differentiated normal and malignant PCs, but not plasmablasts or earlier B cells, was an important clonogenic marker in both MM cell lines and BM-derived MM samples. Human MM cell lines RPMI 8226 and NCI-H929 contained small (2 to 5 %) subpopulations that did not express CD138. In comparison to CD138 + PCs, CD138cells from both MM cell lines demonstrated a greater clonogenic and self-renewal potential in vitro, as measured by their ability to form colonies in methylcellulose and undergoing serial replating, respectively [14] .
Overall, the existence of CSCs has been demonstrated in virtually all cancer types. As such, MM-CSCs have been described as a major driving force behind MM initiation, progression, relapse, and resistance. Thus, MM-CSCs represent a valuable target in the fight against MM, and the identification of compounds capable of eradicating MM-CSCs is urgently needed. One rich reservoir that could be exploited is the natural products reservoir.
Targeting Multiple Myeloma Cancer Stem Cells -Resistance
From a clinical point of view, the most relevant characteristic of CSCs is resistance. MM-CSCs demonstrated resistance to virtually all available anti-myeloma drugs. Enormous efforts have been directed to target the molecular, genetic, and epigenetic machineries in order to control the resistance aspect in MM-CSCs.
Drug efflux -ATP binding cassette transporters
Although CSCs can be identified using the expression of cell surface proteins such as CD44, CD166, or CD138, CSCs can also be identified by their ability to efflux fluorescent dyes such as H33342. Cells negative for H33342 appear on the side of the flow cytometry plot and are termed "side population" (SP). An SP phenotype exists because CSCs highly express members of the ABC transporter superfamily, which efflux H33342 and render CSCs negative for this stain. ABC transporters expressed in CSCs play important roles in cellular defense mechanisms by excluding toxic chemicals to the extracellular environment (▶ Fig. 1 ). Since chemotherapeutics could be substrates for ABC transporters, high ABC transporter expression renders CSCs resistant to therapy [15] . The use of ABC efflux transporter inhibitors, such as verapamil, turns SP myeloma cells positive for H33342 staining. SP myeloma cells displayed important tumorigenic potential, demonstrated elevated levels of ABCG2, and were capable of regenerat- ing the entire cell population [16] . Using a similar concept to H33342 SP, MM cell lines NCI-H929 and KMS-5 were sorted based on their ability to efflux the pluripotent stem cell dye, named CDy1, and two distinct subpopulations, CDy1 high and CDy1 low , were identified. The most differentially expressed gene in the CDy1 low subpopulation in both MM cells lines was ABCB1, and its expression was negatively correlated with CDy1 staining intensity. ABCB1-overexpressing cells appeared resistant to the proteasome inhibitor CFZ. In addition, CFZ-induced resistance in sensitive MM cells was associated with both increased expression of ABCB1 and increased efflux of CDy1 [17] . Despite the fact that targeting the efflux machinery in MM-CSCs seemed an effective strategy for the eradication of CSCs, this area remains under-explored. Perhaps this is because the use of inhibitors of ABC efflux transporters in parallel with chemotherapy failed in the clinic due to adverse effects. However, novel inhibitors are being developed, particularly from natural sources, and these molecules appear to circumvent the toxicities associated with conventional efflux transporter inhibitors.
The effects of Scutellaria baicalensis Georgi (Lamiaceae), a plant used in popular Chinese medicine against numerous human diseases, named Houang Qin, were investigated on the proportion of SP cells within RPMI 8226 cells. The crude ethanolic root extract did not show significant antiproliferative effects, apoptosis induction, or cell cycle arrest in malignant PCs. However, baicalein, wogonin, and, to a lesser extent, baicalin, the major polyhydroxyflavonoid constituents of the ethanolic root extract of S. baicalensis, reduced the H33342-negative SP cells in RPMI 8226 cells, and decreased the expression of ABCG2 in SP cells in vitro (▶ Figs. 2 and 3) [18, 19] . Homology modeling and molecular docking studies indicated that baicalein exhibited similar binding sites and binding modes to the ABCG2 inhibitor fumitremorgin C, a tremorgenic mycotoxin isolated from Aspergillus fumigatus [19] .
Similar to MM, the expression of ABC efflux transporters on LSC surfaces renders these cells highly resistant to a wide variety of chemotherapeutic drugs. In one study, KG-1a promyeloblastic leukemia cells were induced to overexpress ABC efflux transporters such as ABCB1, ABCG2, and ABCC8. The resistant phenotype was reversed by the use of cyclosporin A, a known ABCB1 and ABCG2 transporter inhibitor [20] . Salinomycin, a monocarboxylic polyether ionophore antibiotic derived from Streptomyces albus, induced apoptosis in both sensitive and resistant KG-1a cells, indicating that salinomycin warrants an investigation in the context of LSCs that overexpress ABC efflux transporters [20] .
Drug metabolismaldehyde dehydrogenase
ALDHs are a superfamily of enzymes involved in the detoxification of the intracellular environment. ALDHs are NAD(P) + -dependent enzymes that oxidize both endogenous and exogenous aldehydes to their corresponding weak carboxylic acids [21] . The human ALDH superfamily consists of 19 isozymes that belong to 11 families and 4 subfamilies. Although ALDH isoforms are widely distributed in the body with relatively more abundance in the kidney and liver, evidence indicates that ALDHs are involved in the protection of both NSCs and CSCs (▶ Fig. 1 ) [21] . ALDH1 has been used as a marker to identify CSCs in virtually all cancers. In addition, increased ALDH1 activity has been associated with a poor prognosis in breast, myeloma, bladder, and prostate cancer patients [21] . In invasive breast cancer ductal carcinomas, 3-10 % of the cells with high ALDH activity (ALDH high ) were highly tumorigenic compared to ALDH cells with low ALDH activity (ALDH low ) [22] . This cell population significantly increased following chemotherapy and was sensitized to chemotherapy upon pretreatment with the specific ALDH inhibitor diethylaminobenzaldehyde [23, 24] .
Similarly, CD138 -MM cells, derived from RPMI 8226 and NCI-H929 cell lines, displayed increased ALDH activity. CD138 − ALDH + cells were substantially more clonogenic than CD138 + ALDH − cells. CD138 − cells gave rise to CD138 + cells, and resulted in an upregulation of genes reminiscent of stemness of normal hematopoietic stem cells and LSCs, an indicator which was associated with poor survival in various clinical data sets [25] . Although the important roles that ALDH play protecting CSCs have been clearly characterized, our search indicated that ALDH inhibitors have not yet been tried in MM-CSCs.
Numerous ALDH inhibitors have been developed or discovered from natural sources (▶ Figs. 2 and 3) [26, 27] . For instance, daidzin (7-O-glucosyl-4-hydroxyisoflavone), isolated from Pueraria lobata and Glycine max (Fabaceae), is a potent inhibitor of ALDH2 with an IC 50 of 80 nM [28] . Citral (3,7-dimethyl-2,6-octadienal), a mixture of cis and trans isomers named neral and geranial, respectively, are monoterpenes responsible for a strong lemon odor that occurs in some aromatic plants and citrus fruits. Both isomers specifically inhibited the isozymes ALDH1 and ALDH2 [29] . Gossypol, another terpenoid aldehyde extracted from cottonseed (Gossypium spp., Malvaceae), acted as a noncompetitive inhibitor and showed more selectivity towards ALDH3 than ALDH1 and ALDH2 [30] . Coprine or N-(1-hydroxycyclopropyl)-L-glutamine, produced by a fungal species of the genus Coprinus and Coprinopsis (Agaricaceae), was not found to directly inhibit ALDH2, but following in vivo metabolism, its active metabolite 1-amino cyclopropanol irreversibly inhibited ALDH2 [31] . This property explains the "Coprinus syndrome", which is an intoxication due to concomitant ingestion of coprinoid mushrooms with alcohol. Recently, the mode of action of two alkynols with cytotoxic activity, falcarinol and stipudiol, which are encountered in vegetables like carrots (Daucus carota L., Apiaceae) and parsley [Petroselinum crispum (Mill.) Fuss, Apiaceae], was elucidated. The active metabolites of coprine, falcarinol, and stipudiol bind irreversibly via covalent alkylation to the nucleophilic cysteine in the active site of ALDH2 [32] . Another mode of ALDH inhibition was discovered for β-escin, also named aescin, a triterpene saponin isolated from Aesculus hippocastanum L. (Sapindaceae), which does not directly inhibit ALDH1 activity, but rather inhibits its expression in lung tumor cells in a mouse model [33] . With the exception of coprine, which exhibits mutagenic and gonadotoxic effects, thus preventing further development, it would be valuable to test these natural compounds in MM-CSCs and other CSCs [34, 35] .
Targeting Multiple Myeloma Cancer Stem Cells -Self Renewal NSCs and CSCs are characterized by self-renewal, differentiation, and resistance. NSCs depend on self-renewal for tissue homeostasis and regeneration, a property that, in CSCs, maintains the malignancy (▶ Fig. 1 ) [36, 37] . Several studies have demonstrated that the same signaling pathways that control self-renewal and differentiation in NSCs also do so in CSCs. Therefore, the inhibition of self-renewal has been proposed as a strategy to deplete the malignancy from its CSC reservoir. The signaling pathways that govern self-renewal have been extensively investigated and identified, including, but not limited to, HH, Wnt, and Notch [36, 37] . These pathways are implicated in embryonic development and organ formation. These pathways not only control self-renewal, but also cell fate, migration, and differentiation. Although these pathways appear silenced in most adult tissue, they are reactivated in stem cells following injury or a need to replenish a specific tissue. However, it is important to note that these pathways are only transiently activated following injury, and NSCs revert back to quiescence after the mission of replenishing has been accomplished. A preponderance of human cancers exhibit an aberrant activity in at least one of these pathways [36, 37] , which are thought to contribute to uncontrolled self-renewal of CSCs as well as promoting a resistant phenotype [8] .
Hedgehog inhibition
The first pathway to be implicated in the maintenance of MM-CSCs was the HH pathway [36] . HH pathway activation starts with the binding of the three ligands, Sonic Hedgehog, Indian Hedgehog, or Desert Hedgehog, to the cell surface receptor PTCH [36] . PTCH is a 12-transmembrane cell surface receptor that upon activation liberates the 7-transmembrane receptor SMO [36] . GLI1, 2, and 3 are released from the SMO-GLI complex, and translocate to the nucleus to modulate the expression of HH target genes [36] . GLI protein targets include cell cycle regulators such as cyclin D and cyclin E, and tissue development regulators such as PAX [36, [38] [39] [40] .
Aberrant HH signaling has been described in a multitude of human cancers and in CSCs. Peacock and colleagues [41] demonstrated that HH pathway activity is concentrated within the MM stem cell compartment. HH ligand was found to promote MM-CSCs expansion with no effect on differentiation. The blockade of the HH pathway with cyclopamine, a streroidal alkaloid biosynthesized by Veratrum californicum Durand (Liliaceae), inhibited MM-CSC expansion and induced terminal differentiation (▶ Figs. 2 and 3) [41] . Interestingly, the effects of the HH pathway on malignant PC growth were negligible, suggesting that HH pathway activity varies between MM-CSCs and their differenti-ated derivatives [41] . The use of cyclopamine caused significant apoptosis in the primary CD34 + (a stem cell surface marker) AML cells after 48 h [42] . This apoptotic effect was not observed in more differentiated cancer cells such as U937 or HL60, but interestingly, cyclopamine reversed resistance to the anticancer agent cytarabine [42] . That study concluded that CD34 + myeloid leukemia cells are characterized with elevated HH activity, as they express the downstream effector genes GLI1 and GLI2, and HH inhibition should be pursued as a therapeutic strategy in the treatment of AML [42] .
Wnt inhibition
The Wnt signaling pathway includes a set of 19 highly conserved glycoproteins that serve as ligands for the 10 known frizzled (Fz) receptors. Two distinct Wnt pathways have been described: the canonical and noncanonical. The activation of the canonical pathway results in the accumulation of β-catenin in the cytoplasm, an effect that is not observed in the noncanonical pathway. β-Catenin, in turn, translocates to the nucleus, where it modulates the expression of Wnt target genes [36] . Aberrant Wnt activity has been observed in a variety of malignancies, including hepatocellular carcinoma, colon carcinoma, MM, AML, CML, and CLL [36] .
Using CLL cells that display constitutive activation of the Wnt signaling pathway, salinomycin downregulated the expression of Wnt target genes such as LEF1 and cyclin D1. It decreased the survival of CLL cells, but had a minimal effect on human peripheral blood lymphocytes. In Wnt-transfected HEK-293 cells, salinomycin inhibited the phosphorylation of the Wnt coreceptor LRP6 and induced its degradation (▶ Figs. 2 and 3) . The study concluded that drugs that inhibit the activity of Wnt signaling could impair the survival of cancer cells dependent on Wnt signaling [43] .
Sulforaphane, an organosulfur compound with an isothiocyanate group, is naturally encountered in vegetables from the family Brassicaceae, such as broccoli or Brussels sprouts. Numerous studies have investigated the effects of sulforaphane on CSCs, and results demonstrated that it inhibited breast and pancreatic CSC growth by downregulating the Wnt pathway both in vitro and in vivo [44] . Importantly, sulforaphane targeted only the CSC population but no other tumoral cells [45] . In imatinib-resistant LSCs, sulforaphane reduced the expression of β-catenin and ABCB1, induced apoptosis, and sensitized LSCs to the effects of imatinib (▶ Figs. 2 and 3) . These studies suggested a potential role in the control of LSCs for sulforaphane, a molecule that was well tolerated in animal models [46] .
Notch inhibition
Notch signaling is launched upon the binding of one of the five ligands (Jagged-1 and -2, Delta-like-1, -3, and -4) to one of their cognate transmembrane receptors (Notch-1, -2, -3, and -4). Ligand binding induces Notch transmembrane receptor cleavage by γsecretase and liberates the Notch intracellular domain, which then translocates to the nucleus and modulates the expression of Notch target genes [47, 48] . Similar to Wnt and HH, aberrant Notch activity has been reported in various malignant transformations, including metastasis, angiogenesis, and CSC maintenance.
In a study conducted on clonotypic B cells derived from MM patients, Notch expression was reportedly high, suggesting a role of Notch in the maintenance of these MM-CSCs [49] . Treatment with a γ-secretase inhibitor induced apoptosis of MM cells, enhanced the sensitivity to chemotherapy in vitro, and resulted in a significant antitumor effect in in vivo mouse xenografts and SCID-hu models of multiple myeloma, suggesting a novel role of Notch in the control of MM [50] .
Curcumin, a bright yellow diarylheptanoid derivative isolated from Curcuma longa L. (Zingiberaceae), was demonstrated to play key roles in the control of cancer cell proliferation, migration, apoptosis, and metastasis. It also showed activity against pancreatic, breast, colon, and glioma cancer-derived CSCs [45] . Curcumin induced apoptosis and downregulated the expression of Notch target genes Hes-1 and Notch-1 in pancreatic cancer cells, suggesting that this natural compound modulates Notch signaling in pancreatic cancer (▶ Figs. 2 and 3) [51]. In addition, curcumin induced cell death in esophageal cancer cells and prostate cancer cells by inhibiting Notch [52, 53] .
Although Notch inhibition has been demonstrated to be an effective strategy in the elimination of CSCs in certain LSC and MM-CSC models, Notch upregulation could play a tumor suppressive role in leukemia and in controlling the proliferation of MM-CSCs [54, 55] . Notch activation induced cell cycle arrest, differentiation, and death of acute myeloid LSCs both in vitro and in vivo [55] . In MM-CSCs, bruceantin, a quassinoid isolated from Brucea javanica, inhibited the proliferation of MM-CSCs in vitro (▶ Figs. 2  and 3) . This effect was associated with an upregulation in Notch signaling [54] .
Telomerase inhibition
Telomerase activity was demonstrated to be crucial for the maintenance of both NSCs and CSCs. Telomerases offer "immortality" and prevent cell senescence for human NSCs. Given that MM initiating cells share functional characteristics with NSCs, these CSCs exploit this characteristic for unlimited replicative potential. Telomerase activity was examined as a therapeutic target in MM, and it was found to regulate the clonogenic growth of MM-CSCs. A 72h treatment of human MM-CSCs isolated from cell lines and primary clinical specimens with imetelstat, a synthetic specific inhibitor of the reverse transcriptase activity of telomerase, inhibited clonogenic growth, induced MM-CSCs differentiation into plasma CD138 + cells, and reduced aldehyde dehydrogenase activity. A two-week treatment with imitelstat resulted in a significant reduction in telomere length and clonogenic MM growth both in vitro and in vivo, suggesting both long-and short-term telomerase inhibition effects on MM-CSCs [56] . Another study conducted in AML demonstrated that genetic deletion of the telomerase subunit Terc induced cell cycle arrest and apoptosis in LSCs. In addition, the pharmacologic inhibition of telomerase with imetelstat induced cell death in LSCs, and blocked leukemia progression and relapse following chemotherapy in mouse xenografts of human primary AML cells [57] . Taken together, the results of these studies demonstrate the potential of telomerase inhibition as a therapeutic strategy for the eradication of CSCs in both MM and leukemia.
In alignment with these studies, several natural products have been identified as telomerase inhibitors (▶ Figs. 2 and 3) . Examples include compounds from microbial sources such as TLM, a macrocyclic alkaloid isolated from the bacteria Streptomyces anulatus, chrolactomycin, a compound found in Streptomyces sp. 569N-3 and rubromycins, a group of molecules with an uncommon 5,6-spiroketal core, extracted from various catinomycete species [58] [59] [60] . TLM has been demonstrated to be a very potent and selective telomerase inhibitor due to its remarkable selectivity for the G-quadruplex telomeric structures [61] . In one study, TLM impaired the maintenance and migration of patient-derived GSCs, and induced GSC apoptosis both in vitro and in vivo. Interestingly, the activity of TLM was minimal in normal neural precursors and non-GSCs, suggesting an important potential for TLM in the eradication of GSCs [62] .
Telomerase inhibitors from plant sources are structurally diverse and include alkaloids such as the tetrahydroisoquinoline berberine, mainly isolated from different species of Berberidaceae or Papaveraceae, and cryptolepine, an indoloquinoline extracted from the roots of Cryptolepis sanguinolenta (Lindl.) Schltr. (Apocynaceae). Other inhibitors include the flavonoid quercetin, the sesquiterpene lactone helenalin (Arnica spp., Asteraceae), as well as oleic and gambogic acids [61] . The latter, a bright orange xanthonoid pigment, is extracted from the brownish resin of Garcinia hanburyi Hook. f. (Clusiaceae) and reduces telomerase activity by downregulation of the oncogene c-MYC, a transcription factor involved in the control of cell proliferation and differentiation [63] .
The importance of telomerase activity in cancer and, particularly CSCs, offers a great opportunity to examine the potential of telomerase inhibition as a therapeutic strategy for the eradication of CSCs. Researchers have already identified plenty of telomerase inhibitors from natural sources, and ongoing research continues to identify inhibitors with novel and diverse chemical structures.
Targeting Multiple Myeloma Cancer Stem Cells -Differentiation
The differentiation potential of NSCs into several cell types poses the question: Could that key property of stem cells be exploited to control CSCs? The promotion of differentiation strips stem cells of their self-renewal, immortality, and detoxification tools, and sensitizes them towards standard therapies (▶ Fig. 1) . Currently, drug-induced differentiation is regarded as a promising approach to eliminate CSCs population. The proof of concept exists, and drug-induced terminal differentiation has been clinically used.
For instance, APL is characterized by the fusion protein PML/ RARα, which causes a differentiation blockade of PML-RARα + cells and suppresses normal hematopoiesis. ATRA and arsenic trioxide were found capable of targeting PML/RARα cells, and both compounds are capable of inducing complete remissions [64] . Interestingly, the mechanism by which ATRA induces remission is not cytotoxicity, but rather by inducing cellular differentiation (▶ Figs. 2 and 3) . ATRA, a compound inspired from the natural product retinoic acid, reduces the proliferation of LSCs, and antagonizes the differentiation block caused by PML/RARα fusion protein. This resulted in neutrophilic differentiation from APL blasts leading to the progressive replacement of malignant leukocytes by normal neutrophils, and therefore inducing complete remission within one year [64, 65] .
The efficacy of ATRA-induced differentiation to target the stem cell-like tumor compartment in solid tumors remains elusive. ATRA has been shown to induce differentiation of GSCs, which resulted in therapy-sensitizing effects, and to disrupt GSCs motility in vitro. ATRA treatment alone also induced antitumor effects in vivo, demonstrating a potential for differentiation treatment to target the stem-like cell population in glioblastoma [66] . These results not only indicate that differentiation is possible for hematological malignancies, but it also warrants further investigation and serious efforts in MM.
In alignment with the results found with ATRA, a natural product that may induce the differentiation of MM-CSCs is withaferin A [67] . Withaferin A is a steroidal lactone isolated from Withania somnifera, which induced cell death in MM-CSCs. Specifically, withaferin A triggered cell cycle arrest, caused clear morphological changes and altered CSC-specific genes involved in lymphoid differentiation in MM-CSCs in vitro [67] .
Targeting Multiple Myeloma Cancer Stem Cells -Migration
Migration and invasion of MM cells within the BM remain only partly understood [68, 69] . The contribution of MM-CSCs to this phenotype has not yet been addressed. However, if MM-CSCs share the same characteristics with CSCs derived from other tumors, then MM-CSCs would have a significant impact on the invasive phenotype observed within the BM of MM patients. Serious efforts need to be invested in the control of MM-CSCs invasiveness, and the identification of compounds capable of inhibiting this aspect of MM-CSCs may significantly affect the prognosis of MM patients. One natural product that has been implicated in the inhibition of LSCs invasion and migration is berberine. In addition to telomerase inhibition, berberine was shown to play a role in the control of cancer cell migration and invasion [70] . Berberine inhibited LSCs migration as well as the secretion of SDF-1, a homeostatic chemokine secreted by bone marrow stromal cells, suggesting a potential role for berberine in the control of LSCs migration (▶ Figs. 2 and 3) [70] . Another natural product that may be able to inhibit the migration of hematological CSCs is bruceantin. Using the classical in vitro scratch assay, bruceantin dose-dependently inhibited the migration of MM-CSCs [54] .
Conclusion
Considering the relatively nontoxic profile of compounds such as curcumin and sulforaphane, the use of natural products represents a novel approach worth pursuing for targeting CSCs. The frequent observation that NPs sensitize CSCs to conventional therapies, combined with the fact that NPs can eliminate CSCs, further validates the notion that NPs possess diverse mechanisms of action that could be exploited to target numerous lethal characteristics of CSCs. However, further mechanistic and preclinical studies are required to eliminate potential toxicities associated with NPs, alone or when in combination therapy. Furthermore, due to similarities between NSCs and CSCs, the identification of compounds that selectively target CSCs remains a major challenge.
This review article aims to update the recent advancements achieved with regards to targeting MM-CSCs, particularly from its developmentally closest relative LSCs, and to draw lessons from other malignancies. In summary, it can be concluded that "targeting MM-CSCs with NPs" remains largely underexplored, and that NPs offer a tremendous reservoir of novel chemical scaffolds to be exploited.
